The nature of the relationship between cognition and alcohol consumption remains controversial. Studies have reported negative, positive, and nonsignificant effects of alcohol consumption on cognition. Problematic throughout the literature is that baseline cognitive ability has not been adequately controlled in previous studies, and even educational attainment is only sometimes controlled. Because such variables may be associated with both alcohol intake and later-life cognition, we hypothesize that the observed relationship between alcohol intake and cognition may change when these variables or other conditions in early life have been controlled.
T HE RELATIONSHIP BETWEEN alcohol consumption and cognitive function remains unclear. Probably because of the acute effects of alcohol during intoxication, its neurotoxicity, and its association with dementia, many clinicians believe that alcohol is deleterious for cognition (Victor et al., 1989) . Studies in nonclinical samples most often show no significant relationship between alcohol intake and cognition (Carey and Maisto, 1987; Dent et al., 1997; Hannon et al., 1985; Jones-Saumty and Zeiner, 1985) . However, over the last 10 years, a number of studies have reported that middle-aged and older subjects who drank low to moderate amounts of alcohol scored higher on a variety of cognitive measures than did abstainers (Christian et al., 1995; Goodwin et al., 1987; Hebert et al., 1993; Hendrie et al., 1996; Launer et al., 1996) . Some report a Uor J-shaped, curvilinear relationship between the amount of alcohol consumed and cognitive function such that lowmoderate drinkers exceed both abstainers and heavy drinkers on cognitive measures (Christian et al., 1995; Goodwin et al., 1987; Hebert et al., 1993; Hendrie et al., 1996; Launer et al., 1996) . For example, Galanis et al. (2000) , reported that elderly (ages 71-93) Japanese-American men who drank up to two drinks per day had significantly less risk of a poor cognitive outcome than did subjects who were either nondrinkers or had more than two drinks per day. In the Framingham Heart Study (Elias et al., 1999) , cognitive performance was better in subjects who drank in what the investigators termed a moderate manner than in abstainers. This study showed a more consistently beneficial effect of alcohol intake in cognition for women than men. Also, this study suggested best cognitive performances at the seemingly relatively high level of 2-4 drinks per day in women and 4 -8 drinks per day in men. Orgogozo et al. (1997) reported that moderate wine drinkers in a French sample had a markedly reduced risk for Alzheimer's disease and dementia compared to nondrinkers. While some studies continue to show no benefit for cognition due to alcohol consumption (Edelstein et al., 1998; Elwood et al., 1999; Graves et al., 1991) some speculate that the antioxidant effects of red wine and/or the positive effects of alcohol on atherosclerotic cardiovascular disease could mediate alcohol's presumed benefits (DeLorimier and Tompkins, 2000) .
In the absence of a randomized, controlled study of the effects of alcohol on cognition, it is unlikely that any naturalistic, epidemiologic study will completely resolve the question of whether moderate alcohol intake helps cognition. But, conclusions about the effects of alcohol on cognition would be strengthened if one could adjust current cognition scores using a measure of cognition that antedated the period of significant alcohol intake. The Wisconsin Longitudinal Study data contains cognitive ability measures from age 17 (as well as often age 15) for subjects who also reported on alcohol intake and performed cognitive tests at age 53. The availability of this baseline measure allows the suggested adjustment of the findings regarding cognition and alcohol intake at 53. If subjects with significantly differing baseline levels of cognitive ability drank significantly different amounts of alcohol, then the apparent "benefit" of alcohol consumption might actually be due to the confounding effects of the relationship of alcohol intake and cognition. We tested this hypothesis as well as the hypothesis that adjusting for education level might have a similar effect on the relationship between alcohol intake and cognition.
METHODS
Data were obtained from the Wisconsin Longitudinal Study (Hauser et al., 1977; Hauser et al., 1993) . The Wisconsin Longitudinal Study (WLS) is a long-term study of 4,994 men and 5,323 women (total ϭ 10,317) who graduated from Wisconsin high schools in 1957 (Sewell et al., 2003) . WLS participants are a one-third, simple random sample of all Wisconsin high school graduates in the class of 1957. The WLS cohort is comprised almost exclusively of white, non-Hispanic Americans (of mainly German, English, Irish, Scandinavian, Polish, or Czech ancestry). The WLS includes survey data collected from the original respondents or their parents in 1957 (10,317 in-person surveys), 1964 (8,923 mail surveys), 1975 (9,138 telephone surveys), and 1992 (8,493 telephone surveys). There had been 576 confirmed deaths by 1992, leaving a potential sample of 9,741, of whom fewer than 300 were not located. Alcohol use data were obtained in 1992 from a random 80% subsample of WLS participants in the course of a one-hour telephone interview.
The WLS provides a comprehensive record of social background, youthful aspirations, schooling, military service, family formation, labor market experiences, and social participation of the original respondents. The survey data from earlier years have been augmented by archival information on mental ability test scores and measures of school performance, among other things. In the follow-up surveys, the content has also been extended to obtain detailed information in a wide range of areas, including alcohol use. Documentation, publication lists, and modular-public-use data files from the WLS are available from the University of Wisconsin-Madison Data and Program Library Service, (http://dpls.dacc.wisc.edu/WLS/). Additional source materials about the WLS are available from The Wisconsin Longitudinal Study, Center for Demography of Health and Aging, The University of Wisconsin-Madison, 1180 Observatory Drive, Madison, WI 53706 (e-mail: wls@ ssc.wisc.edu).
The measures of interest for this study were obtained in the following manner.
High School Cognitive Ability Scores
Most of the WLS respondents completed the Henson-Nelson test of mental ability during their freshman and junior years of high school. These scores were subsequently obtained from the files of the Wisconsin State Testing Service. We used age-normed averages of the freshman and junior scores when available (approximately 70% of the sample), and otherwise used the age-normed junior year score.
Educational Attainment
In 1975 or-in a few cases-1992, WLS respondents reported their highest level of completed schooling or highest degree earned, and this information was expressed in equivalent years of regular schooling, according to standards used by the U.S. Bureau of the Census.
Current Cognition Scores
In 1992-1993, when the WLS participants were approximately 53 years old, they were administered an 8-item, abbreviated version of the similarities subtest of the Wechsler Adult Intelligence Scale (WAIS-R) (Wechsler, 1987) . The similarities subtest asks subjects how two things are alike (e.g., an orange and a banana), and scores of 0, 1, or 2 points are given based on both the correctness and abstractness of the response. The similarities subtest is thought to be primarily a measure of "crystallized intelligence." This is an obviously limited measure of general cognitive functioning. In the WAIS-R, the reported correlation between the full 17-item similarities test score and the overall cognitive ability score is 0.82; the correlation between the subtest and overall score is unknown but is presumably lower. The measure of cognitive functioning at age 53 is thus obviously and seriously limited, although, as our results below indicate, it is far from uninformative. The forthcoming 2003-2004 round of the WLS will include more extensive measures of cognitive functioning that will allow a more elaborate examination of the hypotheses considered here.
Current Alcohol Use Questions
The 1992-3 WLS alcohol use questions address current consumption of alcoholic beverages (i.e., number of days during the last month had an alcoholic drink, average number of drinks had on those days, and number of drinks in the last month). Note that these questions do not address past alcohol use behavior.
Other Measures
Supplementary analyses explored the possible consequences of also adjusting for characteristics of respondent's family background (e.g., their parents' socioeconomic status) as well as the respondent's educational and occupational aspirations in high school. Unlike baseline cognitive ability and educational attainment, however, including these measures in our regression models had no appreciable effect on the results.
RESULTS
There were 2,984 male WLS respondents and 3,453 female respondents at age 53 who had IQ measures from their high school years available and who responded to the alcohol and cognition questions in 1992. Those respondents represent an 83% participation rate of the living, original subjects who were part of the random 80% subsample who received questions on alcohol use. Analyses of basic sociodemographic characteristics do not suggest substantively consequential differences between participants and nonparticipants.
Because tests indicated that the dependent variable was better treated as an ordinal measure than an interval one, we used ordered probit models to estimate the relationship between mid-life cognitive ability and alcohol consumption with and without controlling for the potential confounding influences of early adult cognitive ability and educational attainment (Long and Freese, 2001) . The ordered probit model presumes that the observed categorical outcome can be interpreted as the ordered outcomes of a latent continuous variable (in this case, abstract reasoning ability) whose error variance is scaled to equal 1. Coefficients from the ordered probit model correspond then to the changes in this latent variable that are associated with unit increases in the explanatory variables. Regarding alcohol use, respondents have been divided into four categories: those who reported having never drank (4.1% of men, 6.7% of women), those who reported having not drank in the last month (22.0% of men, 27.5% of women), those who reported drinking between 1 and 29 drinks in the past month (49.0% of men, 57.2% of women), and those who drank more than this (24.8% of men, 8.6% of women). The tables present differences in the latent outcome relative to the reference category of those drinking 1-29 drinks in the past month. Because preliminary analyses indicated sex differences in the relationship between alcohol use and midlife cognition, all data analyses presented below were conducted separately for men and women. Table 1 presents the results of our analyses for men. We present first the results of a "naïve" cross-sectional model in which neither baseline cognitive ability nor educational attainment are controlled (Model 1), and then in subsequent models we show the consequences of adjusting for cognitive ability (Model 2), educational attainment (Model 3), and both (Model 4). From the naïve model, we can see that males who consume low amounts of alcohol have significantly higher scores on the abstract reasoning task than those who drank either more or less. However, regarding any proposed interpretation of this as the result of alcohol consumption, we can see immediately from Model 2 that once the earlier measure of cognitive ability is introduced into the model, the significant difference between those who did not drink in the past month and those who drank 1-29 drinks disappears. Meanwhile, the difference between those with low levels of alcohol consumption and those who drank more than 30 drinks in the last month actually increases with the addition of the adolescent cognitive ability measure, suggesting the possibility that failing to control for baseline cognitive ability might actually suppress part of a negative relationship between higher levels of alcohol consumption and cognitive change. In Model 3, we can see that this potential suppression is not something we would have discovered had we simply taken educational attainment as a proxy for baseline cognitive ability, as is commonly done. In the full model, we see no significant difference between nondrinking and low levels of alcohol consumption, but we continue to observe lower abstract reasoning scores among those with higher levels of alcohol consumption when cognitive ability and educational attainment are controlled. Table 2 presents findings for women. Here, from the naïve model, we see that those who have never drank have significantly lower abstract reasoning scores at age 53 than those with low levels of alcohol consumption, and we can also see that those with higher levels of consumption have nonsignificantly higher levels of cognition. In Model 2, however, we see that adjusting for cognitive ability again reduces the relationship between never drinking and low levels of drinking to nonsignificance, and it also changes the direction of the nonsignificant association between midlife cognition and relatively high levels of consumption. Once again, Model 3 shows that even though educational attainment is commonly regarded as an adequate proxy for baseline cognitive ability, neither of these changes in the effects of alcohol use is observed when only educational attainment is controlled. In the full model, we observe no significant differences between any level of alcohol use (as compared to any other level) and cognition.
DISCUSSION
A simple cross-sectional assessment of the relationship between cognition as measured by the WAIS similarities subtest at 53 years old and alcohol intake would appear to provide support for the hypothesis that mild to moderate alcohol intake promotes better cognitive functioning. In men, this relationship between alcohol intake and midlife cognition is found in our cross-sectional analysis, while in women higher alcohol intake is associated with even better cognitive functioning.
However, in our sample, we find that when one adjusts for cognitive ability as measured at ages 15 and 17 (i.e., presumably prior to the onset of significant alcoholinduced neurotoxicity), much of the apparent positive relationship between alcohol consumption and midlife cognition disappears. Moreover, what remains significant is the suggestion of a possible negative relationship between higher levels of consumption and lower levels of cognition in men. For women, the adjustment for cognitive ability eliminates all significant relationships. The reason for these changes is that higher adolescent-measured cognitive ability is associated with relatively higher levels of later alcohol use, and this relationship can lead to misleading conclusions about the direction of causality when looking at purely cross-sectional data.
It is rare for samples whose members are as old as WLS participants to have a baseline cognitive ability measure. Consequently, retrospectively available proxies for baseline cognitive ability are desirable, and in this regard one might consider educational attainment to be the best candidate. While this may indeed be so, what our analyses show is that one should not identify a statistical control for educational attainment with a genuine control for baseline cognition, as the consequences of including these variables independently can be quite divergent. Put simply, adjusting for educational attainment is not the same as adjusting for baseline cognitive ability, even though it would make the analysis of the effects of long-term alcohol use on cognition much simpler if this were the case.
Having said this, it is important to acknowledge several limitations of this study. Central among these are the use of the single WAIS subscale as the outcome, the potential desirability of studying respondents older than age 53, the lack of information about consumption prior to age 53, the use of different cognitive measures at 15-17 and 53 years of age, and the homogeneity of the sample in terms of ethnicity, age, and state of origin. 1 Together, these are sufficient to urge caution against over-interpreting these results, although the presence of significant results and changes from nonsignificance to significance (and vice versa) suggests that associations between the outcome and other measures may be sufficiently durable that useful results can be produced even when cognition is measured in a quite limited fashion.
We have not been able to demonstrate a beneficial effect of low or moderate drinking at age 53 when prior cognitive status is taken into account. While significant atherosclerotic vascular disease is present by age 53, one might argue that, if the posited beneficial effects of low levels of alcohol intake are mediated by effects on atherosclerosis, then these benefits should become more obvious with advancing 1 Analyses were also conducted using the WLS companion sample that is based on a randomly selected sibling of many respondents (interviews in 1993-1994) . While sample sizes here were smaller and controls for age needed to be included in the models, the results were overall consistent with the findings from the graduate sample. Apparent effects of alcohol on cognition, when present, were eliminated when controls for adolescent cognitive ability and educational attainment were added to the model, although these estimates were not always reduced to nonsignificance when only one of these two controls was included. The only exception was that female younger siblings who never drank had significantly lower WAIS-R scores than their counterparts who reported 1-29 drinks/month (p ϭ 0.01). These analyses are available upon request. age. As we have only the age 53 years time point at which alcohol intake and cognition were both measured, these data cannot inform us about this possibility. However, planned measures of alcohol intake and cognition at ages 64 -65 and, potentially, at more advanced ages will allow us to test the hypothesis that low levels of alcohol intake will be beneficial at older ages.
In conclusion, those who are interested in the long-term consequences of alcohol usage are resigned to the impossibility of a randomized, clinical trial of different dosages of alcohol over a long period of human adulthood. Consequently, researchers are forced to rely on observational studies of alcohol use to make judgments about risks and benefits of alcohol use. Toward this end, the value of longitudinal studies should not be underestimated. Our study indicates that the availability of a measure of adolescent cognitive ability substantially changes one's interpretation of the consequences of alcohol use for cognition at age 53. The potential presence of unobserved confounding variables always tempers judgments based on correlations in naturalistic studies, and our study suggests that controlling for baseline cognitive ability is vitally important in the present case in a way that is not adequately captured by measures of education that are much more easily obtained.
